Studies on the Adsorption of Vitamin. B12 to Intestinal Mucosa Homogenate of Adult and Unweaned Rats. Tohoku J. exp. Med., 1971, 104 (3), [215][216][217][218][219][220][221][222][223] For the purpose of elucidat ing the physiological significance of intrinsic factor (IF) in vitamin B12 absorption, comparative studies on the adsorption of vitamin B12 to intestinal mucosa homogenate of unweaned (aged 48 hours old) and adult rats were carried out. Any material having IF activity on the intestine of the adult rat and the unweaned rat was not secreted from the stomach of the unweaned rat. This result was confirmed by the histologic findings that the chief cells of the unweaned rat, when examined on the fundus portion of the stomach, were still undeveloped. The adsorption of vitamin 13.2 to the intestinal mucosa homogenate of the unweaned rat seemed to be independent on the IF and the presence of Ca++ ion. The amount of vitamin B12 adsorbed to intestinal mucosa homogenate of the unweaned rat, as expressed by jig vitamin B,,/kg body weight, was from 4 to 10 times larger than that of the adult rat. The high capacity of the intestinal mucosa homogenate of the unweaned rat to adsorb vitamin B12, regarded as the first step of vitamin B,2 absorption, may be related to the fact that unweaned rat can absorb a large amount of vitamin B12. The small intestine of the unweaned rat appears to take indiscriminately fairly large molecules. The results of the experiments which investigated the effects of bivalent cations on the adsorption of vitamin B12 to intestinal mucosa homogenate suggested that the so-called sequential uptake might have occurred.
For the purpose of elucidat ing the physiological significance of intrinsic factor (IF) in vitamin B12 absorption, comparative studies on the adsorption of vitamin B12 to intestinal mucosa homogenate of unweaned (aged 48 hours old) and adult rats were carried out. Any material having IF activity on the intestine of the adult rat and the unweaned rat was not secreted from the stomach of the unweaned rat. This result was confirmed by the histologic findings that the chief cells of the unweaned rat, when examined on the fundus portion of the stomach, were still undeveloped.
The adsorption of vitamin 13.2 to the intestinal mucosa homogenate of the unweaned rat seemed to be independent on the IF and the presence of Ca++ ion. The amount of vitamin B12 adsorbed to intestinal mucosa homogenate of the unweaned rat, as expressed by jig vitamin B,,/kg body weight, was from 4 to 10 times larger than that of the adult rat. The high capacity of the intestinal mucosa homogenate of the unweaned rat to adsorb vitamin B12, regarded as the first step of vitamin B,2 absorption, may be related to the fact that unweaned rat can absorb a large amount of vitamin B12. The small intestine of the unweaned rat appears to take indiscriminately fairly large molecules. The results of the experiments which investigated the effects of bivalent cations on the adsorption of vitamin B12 to intestinal mucosa homogenate suggested that the so-called sequential uptake might have occurred.
B12 absorption; intrinsic factor; unweaned rat It has been known that the absorption of vitamin B12 requires the aid of intrinsic factor (IF) in adult animals of many species. On the other hand, it was found by the experiments on intestinal segments that the small intestine of the unweaned rat can take vitamin B12 without IF, and that any material having IF activity on the intestine of the adult rat is not secreted front the stomach of the unweaned rat (Boass and Wilson 1963) . Recently Williams and Spray (1968) reported similar results from the experiments in vivo. They also found that rat's milk given with vitamin B12 did not affect the absorption.
We have attempted to know whether the stomach of the unweaned rat secretes any material which has IF activity specifically on the intestine of the unweaned rat. Assay methods for IF activity by Castro and Glass (1963, 1964) were applied to measure the amount of vitamin B12 adsorbed to the intestinal preparations. Vitamin B,2 binding capacity was assayed according to the albumin-coated charcoal method by Gottlieb et al. (1965) . The degree of enhancement of vitamin B12 adsorption to the intestinal preparations by addition of gastric mucosa preparations was estimated by employing the following formula;
where U indicates the amount of vitamin B12 adsorbed in the presence of gastric preparation and C indicates the amount in the absence of gastric preparation.
The fundus portion of the stomach was fixed by Bouin's fluid, mounted in paraffin, sliced by microtome and then stained with hematoxylin-eosin.
RESULTS
Effects of intestinal serosa on the vitamin B12 adsorption to intestinal preparation from the adult rat Distal half of the small intestine obtained from one adult rat was divided longitudinally into two segments. From one of them, intestinal preparation was made as usual.
The other was homogenized with its serosa. The adsorption of vitamin B12 was investigated with these two preparations . Fig. 1 shows that a larger amount of vitamin B12 was adsorbed to the intestinal preparation with its serosa than to that from intestinal mucosa alone . But the presence of intestinal serosa did not affect the enhancement of vitamin B12 adsorption by the addition of gastric preparation as can be seen from the E value in Fig. 1 . Fig. 1 . Effects of intestinal serosa on the vitamin B12 adsorption to the intestinal prepara tion in adult rat.
•oe-•oe, Vitamin B12 adsorption with serosa .
•oe-•oe E value with serosa.
•£-•£ , Vitamin B12 adsorption without serosa.
•£-•£ , E value without serosa.
Vitamin B12 binding capacities and IF activities of gastric preparations obtained from the unweaned and adult rats
As shown in Table 1 , the vitamin B12 binding capacity of the gastric prepara tions from the unweaned rat was 1/27 of those from the adult rat.
In the prelimi nary test, the amount of vitamin B12 adsorbed to intestinal preparations was found •õ Average of 5 tests±standard deviation.
to increase in proportion to the increased addition of the gastric mucosa prepara tion up to 4.4 mg per 100 g body weight of rat. So, in the following experiments, this amount was employed. In the experiments to measure the IF activities, the following two kinds of combinations were employed: the one is to test the IF activities of pooled gastric preparations on individual intestinal preparations (system A), the other is to test the IF activities of individual gastric preparations on pooled intestinal preparations (system B). IF activity was seen only when the gastric preparations of the adult rat were added to the intestinal preparations of the adult rat. An increase in the amount of the gastric preparation from the unweaned rat did not influence the results. (The data were not cited.)
Vitamin B12 adsorption per kg body weight of rat •õ Average of 5 tests±standard deviation .
Histologic , findings on the gastric gland of the unweaned and the adult rats Fig. 2 shows the histologic findings on the gastric gland . In the adult rat, a large number of chief cells, which secrete pepsinogen and IF , were observed. In the unweaned rat the differentiation to chief cells was seen to a certain degree . 
Effects of bivalent cations on the vitamin B12 adsorption
It has been recognized that in the IF dependent vitamin B12 absorption in the adult rats, Ca++ ion is needed as a mediator between IF and intestinal receptor. We have studied whether bivalent cations played any role in the IF independent vitamin B12 adsorption in the unweaned rat. The effects of the omission of one of the bivalent cations or both of them in the Krebs-Henseleit bicarbonate glucose medium were investigated. The effects of addition of EDTA on the vitamin B12 adsorption were also examined at EDTA concentrations sufficiently high in inactivating the total Ca++ and Mg++ ions. In Fig. 3 are shown relative amounts of the vitamin B12 adsorbed under various conditions, assuming that the amount of vitamin B12 adsorbed under the best conditions with the gastric preparation in the adult rat system and without the gastric preparation in the unweaned rat system to be 100%. In the adult rat system, adsorption of vitamin B12 was dependent on the presence of bivalent cations and the effect of omission of Ca++ ion was more pronounced than that of Mg++ ion. In the unweaned rat system, however, the omission of Ca++ ion affected little the adsorption of vitamin B12, while the omission of Mg++ ion decreased the amount of vitamin B12 adsorbed. Rates of adsorption of vitamin B12 to the intestinal preparations Fig. 4 shows changes in the time course of the adsorption of vitamin B12 to the intestinal preparations. In this figure, the ratios of vitamin B12 adsorbed were calculated assuming the maximal amount of vitamin B12 adsorbed to be 100%. No pronounced differences were seen in the initial velocity and in the time required to reach the maximal value between the adult rats and the unweaned rats. In the adult rats, the rate began to decrease immediately after the amount of vitamin B12 adsorbed reached the maximal value. On the other hand, in the unweaned rats a high value was maintained for a fairly long period. This phenomenon suggests that vitamin B12 adsorbed to the intestinal preparation of the unweaned rat is more stable than that adsorbed to the intestinal preparation of the adult rat.
Comparative studies on the release of vitamin B12 once adsorbed to the intestinal preparations •¢-•¢ Unweaned rats.
•ü-•ü Adult rats. •ü-•ü Adult rat intestine reincubated in physiological saline solution.
•oe-•oe Adult rat intestine reincubated in physiological saline solution added with EDTA.
rat system. These results agree well with the results presented in the above sections.
DISCUSSION
Vitamin B12 adsorption to the intestine of the unweaned rat seems to be independent of IF or IF-like materials. The decrease of the vitamin B12 adsorp tion to the intestinal preparation of the unweaned rat which occurred after the addition of the gastric preparation of the adult rat might be due rather to the formation of IF-vitamin B12 complex, which would decrease the concentration of free vitamin B12 in the reaction mixture, than to any specific effect of IF on the intestinal preparation of the unweaned rat (Tables 1 and 2 ). Hitherto, it has been known that EDTA inhibits the absorption of vitamin B12 and this inhibition is counteracted by the addition of Ca++ Mg++ or Sr++ ions. The pre sent study showed that the extent of decrease of vitamin B12 adsorption resulting on omission of Ca++ ion was larger than that on the omission of Mg++ ion in the adult rat intestine system. The inhibition by EDTA was more effectively reversed by the addition of Ca++ ion than by Mg++ ion. These observations suggest that the inhibitory effect of EDTA is not due to the damage of the function of the intestinal tissue by EDTA. With the intestinal preparation of the unweaned rat, in which the vitamin B12 adsorption seemed to have nothing to do with IF, the amount of vitamin B12 adsorbed decreased when both Ca++ and Mg++ ions were omitted. This decrease was shown to be due to the omission of Mg++ ion. The degree of the decrease by the omission of Mg++ ion was almost the same as that in the case of the adult rat. These facts suggest that the role of Mg++ ion in the vitamin B12 absorption is somewhat different from that of Ca++ ion.
Although there is no established theory on the binding of IF and vitamin B12 and also on the binding of IF and intestinal receptor, it is generally considered that vitamin B12 binds first with IF and then this complex attaches to the intestinal receptor. In our experiments, the amount of vitamin B12 adsorbed to the intestinal preparation of the adult rat was smaller when both the gastric preparation and EDTA were present than when both were absent (Fig. 3) . These phenomena seem to suggest the occurrence of the so-called sequential uptake, namely free IF attaches first to the intestinal receptor and then vitamin B12 attaches to it.
Holter and Holtzer (1959) observed the pinocytotic uptake of proteins by intestinal epithelium in the 6-10 days old mice. Further investigations are necessary to elucidate the mechanism of absorption of vitamin B12 in the unweaned rat in relation to membrane permeability. 
